Introduction
The existence of a systematic difference between the normal stress and the pressure communicated through a hole, due to the flow of a non-Newtonian fluid past the hole, was first inferred by Broadbent et al. (1) and they provided an equation between the pressure error Pe and the shearing stress -c which was empirical. Tanner and Pipkin (2) considered the creeping flow of an incompressible second-order fluid across an infinitely deep slot and they found that the pressure error Pe was given through
where N 1 (~) is the first normal stress difference and ~ the shear rate. Kearsley (3) found that the pressure error due to the creeping rectilinear flow along an infinitely deep slot of a secondorder fluid was given by
where N 2 (te) is the second normal stress difference. Later, the pressure error due to the rectilinear motion of a second-order fluid between two infinitely parallel plates D apart, the bottom plate with a slot of finite depth d and width W, and the top plate moving with a constant speed V, was determined by Kearsley (4) . He obtained an exact solution to the problem and found that the pressure error Pc was given through with k and sn « being the modulus and the modular sine respectively. Rajagopal and Huilgol (5) obtained upper and lower bounds to the pressure error for the flow of a second-order fluid in the above domain, where in addition to the top plate moving at a constant speed V they also allowed for a pressure gradient in the flow direction.
While the problem considered by Kearsley (4) leads to solving a Laplace's equation for the velocity, with appropriate boundary conditions, the problem considered by Rajagopal and Huilgol (5) reduces to solving a Poisson's equation for the velocity, with appropriate boundary conditions. The complicated nature of the flow domain, however, makes it exceedingly difficult to solve the problem exactly, and hence we adopt a numerical technique to solve the problem.
In this analysis we devise a boundary integral technique to obtain the pressure error for the problem considered by Rajagopal and Huilgol (5) . This technique has the advantage of being accurate, in addition to permitting a more efficient use of the computer in comparison to other numerical techniques. A numerical solution based on this technique for the Laplace's equation, using the classical Green's theorem, was first introduced by Rizzo (6) . Later, a direct integral equation for the solution of the Poisson's equation was developed by Jawson and Symm (7). While we could employ a direct boundary integral technique by utilizing the standard Green's identity to solve the problem, we adopt an indirect approach which we feel is better suited for such problems. The indirect approach that we adopt is a modified version of those outlined in Mir-Mohamad-Sadegh and Altiero (8) and Mir-Mohamad-Sadegh (9) .
In section 2 we formulate the problemand obtain an expression for the pressure error. In section 3 after a brief review of the boundary integral technique, in general, we obtain the boundary integral equation corresponding to our problem, and devise a numerical technique for solving the boundary integral equation. We conclude the analysis in section 4 by comparing the results which we obtain with the exact results of Kearsley (4) and the bounds established by Rajagopal and Huil9ol (5) .
Formulation of the problem
The Cauchy stress T in an incompressible homogeneous fluid of second-order is assumed to be related to the fluid motion in the following manner (10):
where # is the viscosity,/3 and 7 the normal stress moduli, -p 1 the constitutively indeterminate spherical stress due to the constraint of incompressibility. The dot in eq. [2.2]2 denotes material time differentiation.
Since the fluid obeys the balance of linear momentum, we obtain that div T + p b = p b, [2.3] where b is the specific body force. The constraint of incompressibility permits the fluid to undergo only isochoric motions, and hence
We are interested in the determination of the velocity field in a cartesian co-ordinate system corresponding to the rectilinear flow of a fluid, whose stress in characterized by eq. 2) The constitutive relation [2.1] has been shown to be a second-order approximation in the sense of retardations to all simple fluid models (10) . However, the relation [2.1] has also been considered as an exact model for some fluid in its own right (11, 12) . 
where C is a non-positive constant, w = w(x,y) the velocity in the z-direction and A is the twodimensional Laplacian operator (~2 02
The velocity field w satisfies the following boundary conditions (see fig. 1 )
w~w ( y )
as Ix[-+oe.
Kearsley (4) Rheolog&a Acta, Vol. 19, No. 1 (1980) The pressure error made in measuring the pressure at 0 (see fig. 1 ) would then be the difference between the undisturbed normal stress at + o0 and the normal stress at 0. Hence, Pc--Tyr(+-oo,d)-Tyy(0,0).
[ where
Är 2 is the normal stress difference based on the shear rate at x = + c~ and y = d. Thus, the determination of the pressure error reduces to the determination of the function G. The function G can be determined by obtaining the velocity field w which satisfies eqs. [2.6] and [2.71. In the next section we devise a numerical technique for obtaining w,r and hence G. ative in the direction of the outward normal at the point x'. We note that the integral on the left-hand side of eq. [3 a.8] is a singular integral and its value can be found to be ½P*(x'), (14 2) The fundamental solution, cf. (13) , to the Laplace's equation in three (two) dimensional domains is
Numerical technique a) Formulation of the boundary integral

(G(x,~)=-~logr), G(x,~)-4rer'
where r denotes the distance of point (x,y,z)((x,y)) from the point (~,q,~) ((~,~/)).
Rajagopal and Mir-Mohamad-Sadegh, A boundary integral approach for determining the pressure error 15 b) Numerical solution
On subdividing the boundary ~3/) into N discrete intervals AS i (i = 1 ..... N), and assuming that P*(x'), f(x') and g(x') are constant over each of the intervals, we can rewrite eqs. [ [Kij ] {Pj*} = {H/} -{El}, [3b.3] where [K~j] is a N x N matrix whose elements contain boundary integrals, {Pj*} is a N x 1 vector whose elements contain the unknown source points, {Hi} is a N x 1 vector whose elements contain the boundary values and {E~} is a N x 1 vector whose elements contain the integral over the domain D. Once eq. [3 b.3] has been solved for the vector Pf, the solution at any point in D can be found from
c) Solution for the slot
We shall now consider the problem of the flow of a second-order fluid in the domain shown in figure 1 . For this problem, the equations of motion reduce to form Aw=O(x) 
= f(x')-2-2@~ (o(~)logr(x',¢)dv(¢). [3c.4]
As ~ approaches x' the integral on the left-hand side of eq. [3c.4] becomes singular. However, we avoid this singularity by making the assumption that P* (¢) is constant over the interval AS and integrate over the path shown in figure 2 . Thus, eq. The boundary is subdivided into 90 meshes as shown in figure 3 . Using the non-dimensional quantity 100
a computer program has been written to calcu-00 late P* from eq. [3c.9]. Choosing the two field points as shown in figure 3 , the value of ~w/~y .70 at the two points has been calculated. The function G which appears in the pressure error eq. curacy in our computation, we allowed the intervals containing our field points O and Q to be longer than the other intervals so as to reduce the effect due to the source points in neighboring intervals.
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Summary
The rectilinear flow of a second-order fluid is considered between two infinitely wide and long parallel plates. The bottom plate is at rest and has a slot of depth 'd' and width 'W' while the top plate is flat and moves along the flow direction with constant speed. A boundary integral equation technique is developed to determine the pressure error due to such a flow. We find that our numerical results compare favorably with 
